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(54) An ofytlcai transmission apparatus and an optical wavelengtfi multiplex network tlierewltti 



(57) A double-ring optical wavelength multiplex net- 
wortc is disclosed, which includes multiple optical trans- 
mission apparatuses that can reduce the unit cost of in- 
itially installing a small optical network while providing 
the liexlWIity to expand. For multiplexed optical signals 
arriving at a node, the optical transmission apparatus 
"drops" selected wavelengths for local delivery and 



^ ' others for continued transmission on the net- 

woric. For optical signals originating ("added") at the 
node, the optical transmission apparatus wavelength 
multiplexes the "added" signals with the "passing" sig- 
nals for transmission on the networic. For "added" sig- 
nals, the optical transmission apparatus blocks "pass- 
ing" signals of the same wavelength. 



FIG.1 




25- ^ HUb"1 

I 1 2^ 22 



u> 
a> 

CO 

Q- 
UJ 




23 24 



PrtnM by Jfxn*. TSO0 1 RARIS (FR) 



EP 1443 695 A2 



part will beoome apparent from the description and the 
aocompanying drawings, or may be learned by practloe 
of the invention according to the teachings provided In 
the description. Objects as well as other features and 
advantages of the present invention will be realized and 
attained by the optical transmission apparatus and the 
optical wavelength multiplex network therewith particu- 
larly pointed out In the speclficafion in such lull, dear, 
concise, and exact tenns as to enable a person having 
ordinary skill in the art to practice the Invention. 
[0014] To achieve these and other advantages and in 
accordance with the purpose of the invention, as em- 
bodied and broadly described herein, the invention pro- 
vides an optical transmission apparatus that reduces In- 
itial cost, and realizes a flexible network configuration 
and an optical wavelength multiplex network that em- 
ploys the optical transmission apparatus. 
[0015] in order to solve the above-mentioned prol)- 
lem. the present invention provides means as follows. 
[001 6] The optical transmission apparatus having an 
optical add/drop function for an optical wavelength mul- 
tiplex network according to the present invention In- 
cludes an optical branching (dropping) coupler for divid- 
ing wavelength multiplexed optical signals that are input 
into a wavelength multiplexed optical signal, which is 
called a passing signal, and another wavelength multi- 
plexed optical signal, which Is called a dropping signal, 
a (liter for extracting an optical signal of a predetermined 
wavelength from the dropping signal, a laser for gener- 
ating an optical signal of a wavelength (Insertion wave- 
length) to be inserted by the optical transmission appa- 
ratus concenned. a blocking filter for blocking a wave- 
length contained in the passing signal, the wavelength 
to be blocked being the same as the insertion wave- 
length, and an optical coupler for coupfing the optical 
signal of the insertion wavelength and the passing signal 
that passes through the blocking filter. 
[0017] The blocldng filter and the optical coupler may 
be replaced with a filter ttiat Is capable of serving the 
functions of the blocking filter and the optical coupler. 
[0018] The filter for extracting an optical signal of a 
predetermined wavelength from tiie dropping signal is 
one of 8 fixed wavelengtii filter and a variable wave- 
length filter. 

[0019] The present invention further includes an opti- 
cal wavelength multiplex network that includes the op- 
tical transmission apparatus as described above, and is 
characterized by a double ring configuration having a 
HUB. 

[0020] The optical transmission apparatus according 
to the present invention realizes a low Inillal cost, and 
further provides a flexible network configuration. 
[0021] Further, where a filter that Is capable of serving 
the functions of a blocking filter and an optical coupler 
is employed, according to the present invention, optical 
attenuation of tiie transmitted optical signal in the optical 
transmission apparatus can be made small, since one 
device (the filter) serves as the filter for inserting an op- 



tical signal to the transmission line, and the blocking fil- 
ter for preventing the inserted optical signal from prop- 
agating more than a round on the transmission-line ring. 
[0022] Since the optical waveiengUi multiplex network 
5 of the present Invention Is configured as a double ring 
networic that has a HUB, the network offers high relia- 
bility, providing a proteriion fonction when a fault t^es 
place. 

[0023] According to the configuration of the present 
to Invention, afl wavelengtii multiplexed optical signals are 
branched by the optical branching coupler, and a de- 
sired optical signal Is extracted, so that wavelength al- 
location to each optical transmiasfon apparatus In tiie 
network is dispensed witii. 
te [0024] Further, since all the wavelengths of the net- 
woric are branched, and a desired wavelength is select- 
ed, a common waveler^th can also be selected by two 
or more nodes In the networic such that an optical signal 
can be broadcast in the networic. 
20 [0025] Further, attiiough the optical branching coupler 
passes sheeted wavelengttis, the blocking filter blocks 
an optical signal having the same wavelengtii as an in- 
serted optical signal, thereby cross talkof the optical sig- 
nals is prevented from occurring. 
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Fig. 1 is a schematic diagram c?f an example of a 
network; 

Rg. 2 is a schematic diagram of a first example of 
an optical transmission apparatus that has an opti- 
cal add/drop function; 

Fig. 3 is a schematic diagram of a second example 
of an optical transmission apparatus that has the 
optical add/drop function; 

Fig. 4 is a schematic diagram of an example of an 
optical transmission apparatus using AOTF; 
Fig. 6 is a schematic diagram of an example of a 
network, where a wavelength group is assigned to 
each node; 

Fig. 5 shows how communications are accom- 
plished in the network shown in Rg. 6; 
Rg. 7 shows how branching and Inserting are car- 
ried out for each wavelength group; 
Fig. 8 is a schematic diagram cjf an example of a 
HUB that includes en optical add/drop multiplexer 
and an optical switch; 

Fig. 9 is a schematic diagram of an example of a 
HUB that Includes an optical filter end an optical 

group filter; 

Fig. 10 is a schematic diagrem of an example of a 
HUB that includes an optical add/drop multiplexer 
and a IVIEMS; and 

Fig. 11 is a block diagram for explaining the case 
where a rejection filter and an optical coupler for 
adding a wavelength are independently arranged. 
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wavelength is the same as an inserted wavelength . This 
is necessary biecause the inserted wavelength should 
not agree with any of the wavelengths that are to be fur- 
ther passed through, and Ijecause the Inserted wave- 
length should be prevented from propagating beyond a 
round on the loop transmission line ring. 
[0039] The rejedion/add filter 331 is also for inserting 
(add) an optical signal to the transmission line. In addi- 
tion to preventing the inserted wavelength from propa- 
gating beyond one round on the ring transmission fine. 
Aoconjingly, attenuation of the optical signals caused by 
the optical transmission apparatus is minimized. 
[0040] Here. If the opticsd attenuation of the transmit- 
ted optical signals In the optical transmission apparatus 
is not a great oonoern, a rejection filter 331 1 and an op- 
tical coupler 3312 for inserting an optical signal to a 
transmission Dne may be independently provided as 
shown by Fig. 11. 

[0041] Next, operations of the optical transmission 
apparatus shown by Fig. 2 are explained. Optical sig- 
nals from West are input into the upward transmission 
unit 30. The optical signals input into the upward trans- 
mission unit 30 are supplied to the optical branching 
coupler 321, and divided into the passing signal that is 
to be passed through, and the dropping signal that is to 
be dropped. The passing signal that la branched by the 
optical branching coupler 321 Is provided to the rejeo 
tion/add filter 331, an optical signal having the same 
wavelength as an Insertion wavelength is blocked, an 
optical signal to be Inserted Is added, an optical signal 
Ibrsurvelilanoe is added by the supervisofy-controi-«ig- 
nai insertion finer 332, and a newly configured optical 
signal is output from the upward transmission unit 30. 
[0042] The dropping signal is branched by the optical 
branching coupler 321 of the upward transmission unit 
30. Trie supervisory-control-signal extraction filter 322 
extracts a supervisory-control optical signal (OSC) from 
the dropping signal. The extracted supervisory-contn^l 
optical signal contains an optical signal for canying out 
surveillance and control of the optical transmission ap- 
paratus, the optical transmission line, and so on. 
[0043] The dropping signal from which the superviso- 
ry-control optical signal is extracted is amplified by the 
WDlVi preamplifier 323, and Is split by the 1x4 couplera 
324, and provided to the variable wavelength filters 325 
through 328, each of which extracts an optical signal of 
a respective predetennined wavelength to be dropped. 
An optical signal destined for the optical transmission 
apparatus concerned passes the variable vravelength 
filter 325, and is monitored by the monitor 38. Similarly, 
the optical signal transmitted by the optical transmission 
line 11 from East, and destined for the optical transmis- 
sion apparatus concerned is monitored by the monitor 
39. 

[0044] Based on the output of the monitore 38 and 39. 
the selector 37 selects one of the optical signals des- 
tined for the optical transmission apparatus concerned, 
and the selected optical signal for the optical transmis- 



sion apparatus concerned is provided to the optical re- 
ceiver OR 41. 

[0045] in this example, the optical signals extracted 
by the variable wavelength fittera 325 through 328 are 
5 provided to user terminals, and the like. 

[0046] Next, an explanation Is nwde as to how an op- 
tical signal is inserted by the Insertion unit 33, and trans- 
mitted from the upward transmission unit 30 prepared 
in the optical transmission line 10 that transmits signals 
10 from West to East. 

[0047] The optical signal from the optical transmitter 
OS 40 is provided to the 1x2 coupler 36, then to the sin- 
gle wave amplifier 338. which amplifies the optical sig- 
nal, and then to the 4x1 coupler 334. Optical signals of 
15 the fixed wavelength lasers 42. 43, and 44 are modulat- 
ed by respective sigrwils from the user terminals, and 
the like, amplified by the single wave ampllflera 335 
through 337. and supplied to the 4x1 coupler 334. 
[0048] The 4x1 coupler 334 bundles the Inserted op- 
20 tical signals- The WDM amplifier 333 amplifies the bun- 
dled optica! signal. The nejectlon/add filter 331 further 
bundles the biwidled optical signal and the passing sig- 
nal tiiat is branched by the bpttear branching coupler 
321. The further twjndled optical signal Is passed 
25 through the supervisory-control-signal Insertion filter 
332. and transmitted to the optical transmission line 10 
serving communications from West to East. Here, the 
WDM amplifier 333 is not essential, end can be elimi- 
nated. 

30 [0049] In this manner, the optical transmission appa- 
ratus having the optical add/drop function lor the wave- 
length multiplex network according to the present inven- 
tion includes ^e optical branching coupler 321 for divid- 
ing the input wavelength multiplexed optical signals Into 
35 the passing signal and the dropping signal, the variable 
wavelength filtere 325-328 for extracting the optical sig- 
nals of the predetermined wavelengths from the drop- 
ping signal, the fixed wavelength lasers 42-44 for gen- 
erating the optical signals to be inserted by the optical 
40 transmission apparatus concerned, the rejection filter 
331 for blocking the optical signal of the same wave- 
length as the insertion wavelength from the passing sig- 
nal, and the optical coupler 331 for coupling the passing 
signal and the inserted optical signal that is Inserted at 
46 the insertion wavelength, in this manner, the optical path 
connection between desired nodes is established. 
[0050] Ttwt is, the optical path connection between 
desired nodes Is attained by branching a desired vrave- 
length out of the wavelength signals transmitted. 
50 [0051] Further, the optical attenuation of the transmit- 
ted optical signal in the optical transmission apparatus 
is reduced by using the rejection/add filter 331 that func- 
tions as a blocldng filter for blocWng an optical signal 
having the same wavelength as the Insertion wave- 
55 length, and as an optical coupler for coupling the optical 
signal of Insertion wavelength and the passing signal 
that is branched by the optical branching coupler. 
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the oonfiguralions shown by Fig. 2 and Fig. 3, an optical 
path can be provided as desired by provisioning. 
[0065] Furtiier, according to the embodiment having 
the configurations shown by Rg. 2 and Rg. 3. the inser- 
tion loss of the optical signal that Is passed through the «^ 
node is minimized, and an in-line amplifier can be elim- 
inated, reducing the networic cost, 
[0066] Further, according to the emlwdiments shown 
by Rg. 2 and Rg. 3. the configuration can be changed 
and upgraded according to the required number of ^< 
wavelengths, providing a low inrlial cost when e small 
number of wavelengths are Initially installed. 
[0087] Further, according to the configuratlorw shown 
by Rg. .2 and Rg. 3, even In the case that the number 
of wavelengths Is 32 or smaller, the initial cost Is low- i 
ered. and, further, the network configuration Is flexible. 
[0068] Here, various kinds erf variable wavelength fil- 
tere can be used as the variatrie wavelength filters 325 
through 328 of the configuration shown by Rg- 2. 
[PO^ Fig. 4 shows en example, wherein an AOTF 5 
(Acousto-Optio Tunable Filter) 329 is employed as the 
variable wavelength filters 325 through 328. 
[0070] The AOTF 329 selects an optical wavelength 
by an RF signal (electrical signal) being applied, the RF 
signal corresponding to the wavelength that is to be ' 
dropped. For example, when the wavelength multiplex 
optical signed containing wavelengths through \, Is 
Input Into the AOTF 329, and If the wavelengths 
through \^ are to be extracted from tfie wavelenglfis 7^ 
through X^, RF signals having frequencies U through f4 
corresponding to the wavelengths through X^, re- 
spectively, are applied to the AOTF 329. 
[0071] Similarly, as the variable wavelength filters 325 
through 328. a dielectric multilayer filter, a FGB (optical 
fiber Bragg-diffractlon grid) type filter, and a Fabry-Perot 
type filter can be used. 

(Wavelength group) 

[0072] Fig. 5 shows an example of the network con- 
figuration, wherein a wavelength group (for example, a 
group of four wavelengths) Is assigned to each node. 
The network shown at (A) of Fig. 5 includes an optical 
loop droult 69. a HUB 70. and optical transmission af>- 
paratuses (nodes) 72 through 77. Here, two or more 
wavelength groups may be assigned to each of the op- 
tical transmission apparatuses 72 through 77. 
[0073] Each of the HUB 70 and the optical transmis- 
sion apparatuses 72 through 77 branches (drops) and 
adds (Inserts) optical signals transmitted in the optical 
loop circuit 69 based on the wavelength group, i.e., in 
units of wavelength groups, thereby providing commu- 
nications between the HUB 70 and the optical transmis- 
sion apparatuses 72 through 77, and communications 
between the opiicai transmission apparatuses 72 
through 77. In this manner, communications are provid- 
ed between user terminals connected to the HUB 70 and 
the optical transmission apparatuses 72 through 77. 



[0074] The wavelength groups are defined as shown 
at (B) of Fig. 5, each wavelength group induding four 
wavelengths in the present example. Group 1 includes 
the wavelengths X^ through ^4, Group 2 Includes the 
wavelengths 7^ through Xg, and so on up to Group 7 that 
includes the waveler^ths X25 through Although an 
illustration Is omitted. Group 8 Induding wavelengths 
through X32 Is assigned to the HUB 70. Each wave- 
length has an Inten/al off 100 GHz. in addition, an inser- 
tion wavelength can be selected as desired, not limited 
to the plan of the present example. 
[0075] As shown at (A) of Fig. 5, the optical transmis- 
sion apparatuses 71 through 77 are set up so that the 
Groups 1 through 7. respectively, are Inserted. Further, 
' the HUB 70 can branch and Insert all the Groups. 
[0070] That is, the wavelengths to be inserted are 
fixed to each of the optical transmission apparatuses 7 1 
through 77; however, the optical transmission appara- 
tuses 71 through 77 can branch (drop) any wavelength 
0 as desired. 

[0077] Communication modes of the networtc shown 
by Fig. 5 are explained using Fig. 6. At (A) of Fig. 6, 
communications are carried out from the HUB 70 to 
each of the nodes (the optical transmission apparatuses 
'5 71 through 77), using fourwavelengths per node. Here, 
the HUB 70 transmits optical signals at the wavelengths 
assigned to Group 1 . Group 2, and up to Group 7. which 
are received by the nodes 71, 72 and up to 77, respeo 
tively. 

?o [0078] At (B) of Fig. 6. communications are earned out 
to the HUB 70 flrom ea<*i of the nodes 71, 72 and up to 
77. each node using four wavelengths. Here, the nodes 
71 . 72 and up to 77 transmit optical signals at the wave- 
lengths assigned to Group 1. Group 2 and up to Group 
35 7, respectively. The HUB 70 receives all the optical sig- 
nals transnratted by the wavelengths of all the Groups. 
[0079] At (C) of Fig . 8. the case is shown where com- 
munica^ons between each node and the HUB and be- 
tween the nodes are carried out in this example, the 
40 HUB 70 communicates with the node 72 by the HUB 70 
transrhltling optical signals at the wavelengths assigned 
to Group 8, and receiving optical signals at the wave- 
lengths assigned to Group 2; and the node 72 receiving 
the optical signals atthe wavelengths assigned to Group 
46 8, and transmitting the optical signals at the wave- 
lengths assigned to Group 2. Further, in this example, 
the node 77 communicates with the node 72 by the node 
77 transmitting optical signals at the wavelengths as- 
signed to Group 7. and receiving optical signals at the 
50 wavelengths assigned to Group 2; and the node 72 re- 
caving the optical signals el the wavelength assigned 
to Group 7, and transmitting the optical signals at the 
wavelength assigned to Group 2. 
[0080] At (D) of Fig. 6, the case where broadcasting 
65 communications are carried out from the HUB 70 to 
each node is shown. An optical signal at a wavelength 
assigned to Group 8 is transmitted from the HUB 70. 
and is received try the nodes 71 through 77. 
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switches 109, 110, and 1 11 . The other of the divided op- 
tical signals is provided to the downward transmission 
line (from East to West) via the 2x1 swHches 209. 210, 
and 211. 

[0091] The optical signal received from the upward 
transmission line Is provided to the 2x1 switch 115 
through the 1x2 couplers 100, 107, and 108. Further, 
the optical signal received from the downward transmis- 
sion line Is provided to the 2x1 switch 115 through the 
1x2 couplers 206, 207. and 208. Then, the 2x1 switch 
115 selects one of the upward and downward transmis- 
sion lines for receiving the optical signal, and the select- 
ed optical signal is receWed by the optical receiver 116. 
[0092] in this manner, the 2x1 switch 115 Is controlled 
such that use of a faulty transmission line Is avoided 
based on the monilorfrig result, and communications are 
provided using a nom«l transmission fine. 
[0093] Here, the 1x2 couplers 106. 107, and 108 and 
1x2 couplers 206. 207, and 208 may be replaced with 
2x1 switches, and the 2x1 switch 115 may be replaced 
with a 2x1 coupler. 

[0094] In this manner, each optical transnwssion ap- 
paratus can operate using one of the transmission lines 
as an operating circuit, while the other transmission line 
serves as the standby circuit Further, when a circuit or 
an optical transmission apparatus becomes faulty, the 
above configuration allows communications to continue 
by avoiding the faulty circuit or faulty optical transmis- 
sion apparatus, reducing the influence due to the fault 
to a minimum. Accordingly, the 1x2 couplers 106, 107. 
and 108, 1x2 couplere 206. 207. and 208. and the 2x1 
sv^ritch 115 constitute a protection unit. 
[0095] Fig. 9 shows an example of a HUB that in- 
cludes an optical filter and an optical group filter. The 
HUB includes an upward transmission unit 128, a down- 
ward transmission unit 129, monitors 140 and 141 each 
monitoring a single wavelength, 1x2 couplera 143, 147. 
and 150, 2x1 switches 142, 146, and 149, an optical re- 
ceiver 148, and an optical transmitter 144. 
[0096] The upward transmission unit 128 includes a 
tee 130 and an insertion unit 131 . The tee 130 includes 
optical group fiilere 132. 133, and 134 for extracting 
wavelengths of a predetern^ned wavelength group. The 
insertion unit 131 includes optical group filtera 135. 138. 
and 137 for inserting wavelengths of a predetermined 
wavelength group, and for blocking wavelengths that 
are the same as the wavelengths off the predetermined 
wavelength group. 

[0097] Further, the optical group filter 1 34 for extract- 
ing wavelengths of a predetermined wavelength group 
includes a wavelength group filter 1341 for extracting 
the wavelengths of the predetennined wavelength 
group, and single wavelength filters 1 342 through 1 345. 
each extracting a single wavelength. Other optical group 
filters 132 and 133 are configured the same as the op- 
tical group filter 134. 

[0098] Further, the optical group filter 1 37 for Inserting 
wavelengths, and for blocking the same wavelengths as 



the wavelengths that areinsertedincludesawBveiength 
group filter 1371 for inserting the vravelengths, and for 
blocking the same wavelengths as the wavelengths In- 
serted, and single wavelength filters 1372 through 1375, 
6 each Irisertlng and blocking a single wavelength. Other 
optical group filtera 135 and 136 are configured the 
same as the optical group filter 137. 
[0099] In this manner, the same fiinclions as the HUB 
shown by Rg. 8 are obtained. 
10 [0100] Fig. 10 shows an example of a HUB that in- 
cludes an optical demultiplexer, an optical multiplexer, 
and a MEIWS (Micro Hectro-Mecharilcal Systems) 
switch. The HUB Includes WDM ampimere 170. 174. 
270, and 274 for amplifying wavelength multiplexed op- 
ts tical signals, optical demultiplexers 171 and 271 . MEMS 
svifltDhes 1 72 and 272, optical muitiplexere 173 and 273. 
monltore 175 and 275 for monitoring optical signals In 
units of wavelengths, 1x2 couplers 176 and 276. filtere 
177 and 277 for extracting monitoring signals, a 2x1 
20 switch 180. an optical trahsmitler 179, and an optical 
receiver 161. 

p)l 01] In this manner, the same functions as the con- 
figuration shown liy Fig. 8 are obtained. 
[01 02] As described above, the present Invention pro- 
25 vides the optical transmission apparatus, and the optical 
wavelength multiplex nelwoiK employing the optical 
transmission apparatus that reduce the Initial cost, and 
are flexible in network configuration. 
[01 03] Further, the present Invention is not limited to 
30 these embodiments, but various variations and modifi- 
cations may be made without departing from the scope 
of the present invention. 

[01 04] The present application is t>ased on Japanese 
priority application No. 2003-0 19067 filed on 1 . 28. 2003 
35 with the Japanese Patent Office, the entire contents of 
that are hereby incorporated by reference. 
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Clalras 

1 . An optical transmission apparatus with an optical 
add/drop function used in an optical wavelength 
multiplex network, comprising: 

an optical branching coupler for dividing an in- 
put wavelength mulliplexed optical signal into 
a wavelength multiplexed optical signal, which 
is called a passing signal, and another wave- 
length multiplexed optical signal, which is 
called a dropping signal, 
a filler for extracting a first optical signal at a 
predetennined wavelength from the dropping 
signal that is branched by the optical branching 
coupler, 

a laser for generating a second optical signal 
that is to be inserted, 

a blocking filter for blocking a third optical signal 
contained in the passing signal that is Iwanched 
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